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ABSTRACT
Phenotypic correlation coefﬁcients between seed yield and morphological traits of lucerne (Medicago sativa L.) 
breeding populations were determined. Ranking of populations by seed yield and subsequent calculating of correlations 
showed that as higher differences in seed yield among populations was as higher correlations were obtained. Among 
the characters examined seed yield was positively correlated with the length of raceme, number of ﬂowers, pods and 
seeds per raceme, number of seeds per pod (r=0.31*, 0.61*, 0.42*, 0.57*, 0.53*, respectively). Negative relationships 
were determined between spring regrowth height, alfalfa mosaic, ﬂowering period, plant regrowth height after harvest, 
1000 seed weight and seed yield (r= -0.42*, -0.81**, -0.64*, -0.71*, -0.41*, respectively).   
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INTRODUCTION
Lucerne (Medicago sativa L.) is widely grown as a forage 
crop due to its good quality and high herbage yield. The 
seed yield of lucerne cultivars is considered as secondary 
important characteristic. However, the ability of cultivars 
to give a high and stable seed yield facilitates its spread 
and effective distribution to farmers due to competitive 
selling price [15]. Seed yield also determines the economic 
viability of seed producers. The mean seed yield in 
Lithuania in many years is very low 50-100 kg ha-1 in view 
of its large potential for phytomass production and large 
number of ﬂowers. Situation is even more complicated 
due to relatively short productive life of lucerne crop 
stand for seed production in Lithuania. However, seed 
yield can be as high as 1000 kg ha-1 when ﬂowering period 
is characterized by low relatively humidity and moderate 
to high temperatures and pod development period is 
characterized by moderate humidity and temperatures 
[23]. These climatic conditions favor long periods for 
pollinator activity and later seed development [12]. 
Genetic diversity for seed yield and its components in 
lucerne was described between and within populations [9, 
10]. Similarly, genetic variation was identiﬁed for pollen 
fertility [25], ovule fertility [21], and eases tripping [19] 
as for traits inﬂuencing seed yield. However, the actual 
lucerne productivity improvement achieved in breeding 
has been limited [26]. These characters of plants are not 
easy to measure on large numbers of plants and are not 
the only limited factors of seed yield in dense canopies 
[2]. 
Lucerne seed yield also depends to a great extent upon 
environment conditions and agronomic practices. Abu-
Shakra et al (1977) and Iannucci et al (2002) showed that 
seed yield was signiﬁcantly affected by the number of 
forage harvests prior to seed production, and this effect 
was mainly associated with variation in the number of 
fertile stems per plant and pods per raceme. Bodzon 
(2004) showed that seed yield per plant was positively 
associated with raceme length and ﬂower number per 
raceme. Askarian et al (1995), Bekovič (2007), Zhang 
et al (2008) reported similar effects as a consequence 
of different row spacing. Irrigations applied at critical 
stages of pods development in dry environments were 
beneﬁcial to seed yield, as it resulted in more pods per 
raceme [17, 24].
Evaluation of initial breeding material of lucerne for 
high seed yield is complicated. It is due to need to screen 
plenty of populations in several years until year with 
complex of favourable conditions for seeds setting and 
later development occurred. In breeding for improved 
seed yield it is particularly important to determine the 
effect of generative and morphological characters on 
seed yield. The presented results concern phenotypic 
correlation of the characters responsible for seed yield of 
breeding numbers of lucerne developed in Lithuania.  
MATERIAL AND METHOD
The experiment was carried out at the Lithuanian Institute 
of Agriculture (LIA) during 2005-2006 in the ﬁelds of a six 
course rotation in forage grasses. Accessions tested were 
locally developed from geographically broad material. 
Countries of initial material origin were USA (northern 
states), Canada, Russia, European countries. In total, 200 
populations were sown and investigated. Every breeding 
population was sown in two 5- meter long rows. The 
soil of experimental site is Endocalcari-Endohypogleyic 




 – 200-270 mg 
kg-1 and K
2
O – 100-175 mg kg-1, humus – 2.46 %). The 
lucerne nursery was sown after black fallow without a 
cover crop in middle of July in 2005. Sowing rate was 
100 seeds (0.2 g) per 1 meter. The distance between 
rows of a line was 0.5 m; the distance between different 
lines was 1.0 m. Initial number of plants was high (up to 
100 units per 1 m row), therefore, every population was 
evaluated for all traits as one unit. In the 2006 year crop 
stand was assessed for seeds yield and its components. 
The nursery was evaluated for winter hardiness, spring 
re-growth, plant height before seed harvesting and plant 
regrowth after it, alfalfa mosaic incidence in scores 
was evaluated before ﬂowering, stem number counter 
before seed harvesting. Winter hardiness was evaluated 
after resumption of vegetation in scores 1 – 5, where 1 
is the least damage by winterkill. Spring re-growth was 
evaluated two weeks after resumption of vegetation 
by score 1-3, 1 being the least value. Flowering period 
was evaluated in days from its start to decline. Length 
of racemes and ﬂowers number per raceme was counted 
when plants were fully ﬂowering. Prior to harvest, 25 
well podded racemes from 25 well developed stems were 
sampled from each population for counting of number of 
pods, number of seeds and seeds per pod. Plants height 
was measured in cm, before harvesting and at regrowth 
after harvesting after two weeks. Harvested seeds were 
dried, cleaned and weighed. Germination of seeds, hard 
seed % and 1000 seed weight were evaluated after seed 
cleaning. 
The area with ﬁelds of LIA was highly repleted with 
honeybee during ﬂowering of lucerne from closely 
dislocated apiaries. The sowing year was favourable 
for establishment of plants. The winter of 2006 was 
severe and winter hardiness of genotypes screened was 
different. The spring and summer period was dryer than 
usual. It negatively affected ﬁnal seed yield. The initial 
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pod setting was very high for all populations although 
prolonged drought hardly decreased their number at later 
development stages.   
The correlation analysis was used for evaluation of 
relationships between the seed yield and assessed traits. 
The obtained correlation coefﬁcients were compared for 
signiﬁcance level at P < 0.05.
RESULTS AND DISCUSSION
Seed yields of 200 populations averaged 212.2 kg ha-1 
(Figure 1), which is higher then the average commercial 
seeds yields in Lithuania [4] but lower than seed yields 
achieved in areas well suited for seed production [1, 11]. 
Only 1.5 % of populations were highly yielding as their 
seed yield exceeded 400 kg ha-1. Populations characterized 
by seed yields from 100 to 200 and 200 to 300 kg ha-1 
dominated and accounted for 42 and 40 %, respectively. 
Seed yields lower than 100 kg ha-1 was characteristic for 
5.5 % of populations. High variability for seed yield of 
individual plants as well as of populations was found in 
other researchers, too [3, 10, 11]. 
Correlation analysis between seed yield and phenotypic 
traits is presented in Table 1. It consisted of three sets 
of ranked populations. Primarily, correlation coefﬁcients 
were counted for all 200 populations. The second ranking 
involved 50 populations with lowest and 50 populations 
with highest seed yield. The third ranking involved 10 
populations with lowest and 10 populations with highest 
seed yield. Rankings showed increased correlations 
between seed yield and the other traits when number 
Figure 1. Distribution of lucerne breeding lines by seed yield
of the populations decreased. The main reason was that 
the populations tested as breeding material possessed 
high genetical variability inside of populations and 
consecutively lower variability among populations. 
Correlation was not found between seed yield and 
overwintering, stem number, plant height at harvesting, 
germination of seeds and hard seed percent. Populations 
were different by overwintering but until ﬂowering they 
recovered canopy density due to rest plants, therefore 
this trait did not correlated with seed yield. Stem number 
did not affected seed yield as crop stand was young 
and without considerable rarefaction. Plant height at 
harvesting also did not inﬂuence seed yield as due to 
drought
plants were not logged. Seed yield correlated with spring 
regrowth scores, length of racemes, number of ﬂowers 
per raceme, number of pod per raceme, number of seeds 
per pod weakly or medium (r= -0.31* – 0.61*) only in 
case of the third ranking. Only ﬂowering period (r= -
0.39*, -0.47*, -0.64**) and plant regrowth height after 
harvest (r= -0.37*, -0.50*, -0.71*) correlated with seed 
yield in all three rankings. Spring regrowth height, alfalfa 
mosaic, number of seeds per raceme and 1000 seed 
weight correlated weakly with seed yield in case of the 
second (r= -0.41*, -0.35*, 0.38, -0.34*, respectively) and 
variously in the third rankings (-0.42*, -0.81**, 0.57*, 
-0.41*, respectively). 
Obtained correlations showed tendency which depended 
on genetical variability within populations and among 
them. As number of populations decreased herewith 
variation increased among populations. The counting 
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of correlation between seed yield and the other traits in 
the case of all populations did not showed considerable 
relations as majority of populations were characterized 
by similar seed yield which ranged among them in most 
cases up to 2 times, but more often – much less. 
The strongest correlations (r=-0.81**) were obtained 
between seed yield and alfalfa mosaic incidence and 
plant regrowth after harvest in cm (r=-0.71*) in case of 
the third ranking. Dall et al. (1989), Jones and Nicholas 
(1992) researches with Medicago spp. species showed 
that alfalfa mosaic virus can decrease seed yield more 
than 30 %. Negative correlation of seed yield with plant 
regrowth after harvest can be explained by differences in 
root reserves. Higher seed yield negatively inﬂuenced (r= 
-0.37*, -0.50*, -0.71*) plant regrowth after harvesting 
during all rankings of populations. It shows that plants for 
the higher seed yield formation root reserves exploited 
more intensive than low seed yielding populations. 
The similar tendency was obtained in researches with 
inﬂuence of root reserves on shoot regrowth [6, 14]. 
Reverse tendency though with lower correlation (-0.27*, 
-0.41*, -0.42*) was observed in case of spring regrowth 
height. This relationship suggests that populations with 
lower plants at spring have some potential to form slightly 
higher seed yield. 
Longer ﬂowering period under doughty weather conditions 
were unfavourable for higher seed yield in the case of all 
three rankings (r=-0.39*, -0.47*, -0.64**, respectively). 
Such situation could be reversed if watering could be 
used during ﬂowering and later seed development. 
Highly positive effects of irrigations on many generative 
elements and seed yield were determined [16, 17]. Initial 
pod setting was very high and similar for all populations 
due to intensive activity of pollinators, mainly honeybees. 
Research of Ray et al. (1999) indicated that water use 
efﬁciency is heritable trait, therefore populations with 
highest seed yield under droughty conditions should 
be more drought resistant then the rest ones. Irrigation 
possible would be highly effective and under Lithuanian 
conditions. However, only few percent of ﬁelds with 
lucerne for seed productions could be established near 
water sources. 
Generative traits such as number of ﬂowers, pods and 
seeds per raceme, number of seeds per pod and raceme 
length showed tendency for stronger positive correlations 
with seed yield in the case of rankings and selecting 
populations with marginal seed yield. Correlations were 
not obtained in the case of the ﬁrst ranging. In the case 
of the second ranking only number of seed per raceme 
showed weak correlation (r=0.38). The correlations of 
the third ranking were weak for length of raceme and 
number of pods per raceme (r=0.31*, 0.42*, respectively) 
and medium for number of ﬂowers and seeds per raceme 
and number of seeds per pod (r= 0.61*, 0.57*, 0.53*, 
respectively). Similar relationships were observed in 
recent studies [8, 11, 22]. Seed weight was negatively 
associated with seed yield in the second and the third 
rankings. As seed yield increased plants were forced 
to distribute lower assimilates per seed, therefore, seed 
weight decreased.   
The data shown in Table 2 is information about some traits 
that expressed highest correlations with seed yield of 
populations from the third ranking. The most signiﬁcant 
negative effect is seen for alfalfa mosaic incidence on 
seed yield. The group of populations with lowest seed 
yield was estimated in average incidence of alfalfa 
mosaic by 6.2 score, whereas the group with highest seed 
yield in average had only alfalfa mosaic score 3.2. An 
average number of ﬂowers per raceme differed by 30.7 
%, or 21.5 and 28.1 for low yielding and high yielding 
populations, respectively. Low yielding populations 
ﬂowered in average longer for 6 days. The regrowth after 
harvesting among the population groups was in average 
37.8 cm for low yielding and 27.8 cm for high yielding 
populations. 
The ultimate purpose of developing line is high and 
stabile seed yield as breeders are economically interested 
in as possible faster distribution of the new varieties 
and receiving of the subsequent royalty. Seed growers 
have the same interest as their incomes very depend on 
seed yield. The greatest shortcomings of conventional 
methods used to determine seed- yield are labour-
consuming harvesting and processing of harvested seed 
and chaff mass. The determination of traits which allow 
breeders select effectively under local conditions for high 
and stabile yield is highly desirable. However, climate 
warming results in high unpredictability of weather 
conditions. When seed yields of lucerne breeding
populations are low and similar for all populations, it 
is difﬁcult to select population’s superior by seed yield. 
At this situation, lucerne breeders should identify the 
potential of populations by the traits related to high seed 
yield. An overall there are two types of traits which could 
help to indicate seed yielding ability of populations. 
The ﬁrst type is available until seed harvesting and the 
second ones are traits available just before of after seed 
harvesting. For initial breeding the most desirable are 
traits which can be assessed visually without long time 
and labour consumes for precise measurements.  
The ﬁrst type traits with considerable correlation in the 
case third ranking were alfalfa mosaic (r=-0.81**) and 
ﬂowering period (r=-0.64*). The both traits visually are 
easy identifying and take short time. Some information 
about yielding capability can supply measurement of 
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Table 1. Correlation of seed yield (X) with the other traits (Y) in lucerne 
Trait (Y) (X) r, n=200 (X) r, n=100 (X) r, n = 20 
Overwintering, scores -0.01 0.07 0.05 
Spring regrowth, scores -0.03 -0.08 0.32* 
Spring regrowth, cm -0.27* -0.41* -0.42* 
Alfalfa mosaic, scores -0.24 -0.35* -0.81** 
Length of raceme, cm 0.09 0.19 0.31* 
Number of flowers per raceme 0.15 0.14 0.61* 
Flowering period, days -0.39* -0.47* -0.64** 
Number of pods per raceme 0.26 0.29 0.42* 
Number of seeds per raceme 0.21 0.38 0.57* 
Number of seeds per pod 0.18 0.27 0.53* 
Stem number  -0.04 -0.05 0.08 
Plant height at harvesting, cm -0.15 -0.24 -0.25* 
Plant regrowth after harvest, cm -0.37* -0.50* -0.71* 
1000 seed weight, g -0.24* -0.34* -0.41* 
Germination of seeds, % -0.06 -0.02 0.14 
Hard seed, % 0.01 -0.02 -0.21 
* P < 0.05; ** P <0.01 

























LIA2438 30.6 33.2 8 20.2 69 39.1 2.6 
LIA2431 42.0 37.4 5 20.8 68 43.7 2.4 
LIA2430 52.2 29.7 8 20.8 68 35.5 2.1 
LIA2436 70.6 33.4 5 21.3 69 44.7 2.4 
LIA14 74.8 28.7 5 22.1 62 25.9 2.3 
LIA2430 84.6 35.1 5 19.8 69 35.2 2.3 
LIA2434 91.4 32.8 8 22.5 68 34.5 2.4 
LIA1172 92.6 31.7 5 20.1 68 40.7 2.1 
LIA2437 98.0 34.4 8 28.6 69 43.3 2.1 
LIA2433 99.2 30.6 5 18.7 68 35.0 2.1 
Average 73.6 32.7 6.2 21.5 67.8 37.8 2.3 
SD 24.4 2.6 1.5 2.7 2.1 5.7 0.2 
LIA63 358.8 31.9 3 25.1 63 25.8 2.2 
LIA9 361.0 35.4 3 30.8 68 33.1 2 
LIA407 362.6 28.4 5 30.2 69 30.0 2.2 
LIA2458 365.8 29.3 3 28.9 53 21.7 2.3 
LIA2439 379.4 31.7 3 35.9 62 28.3 1.9 
LIA1978 380.0 30.6 3 22.5 62 32.6 2.2 
LIA80 380.4 29.5 3 25.8 63 24.2 2.3 
LIA9 427.2 23.9 3 25.6 53 24.3 2.1 
LIA 2 444.4 34.8 3 33.4 63 33.7 2.2 
LIA 62 493.0 27.5 3 23.1 62 25.1 2.2 
Average 395.3 30.3 3.2 28.1 61.8 27.9 2.2 
SD 44.9 3.4 0.6 4.4 5.3 4.3 0.1 
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spring regrowth height (r=-0.24* to -0.42*), however it 
takes some time for measurements of plants height.  
The use of length of raceme and number of ﬂowers per 
raceme was complicated as these traits correlated only in 
the case of third ranking (r=0.31*, 0.61*). Considering 
correlation level number of ﬂowers per raceme could 
be used for selection of populations with higher seed 
yielding potential but adequate visual scoring should 
be developed. This trait could be more useful for visual 
evaluation of breeding material grown under single 
spaced plants. 
The second type traits were number of pods, seeds per 
raceme and number of seeds per pods. However, weak 
to medium correlations and demand of time-consuming 
labour doesn’t make evaluation of these traits attractable. 
These traits seem are more suitable for selecting of 
parental material until crossing. 
Considering our ﬁndings we can suggest evaluation of 
ﬂowers number per raceme 
as positively seed yield inﬂuencing trait for selecting 
of highly yielding populations and alfalfa mosaic, 
ﬂowering period and spring re-growth height as the least 
labour-consuming criteria under droughty conditions for 
rejecting of low yielding populations among the initial 
breeding material of lucerne.  
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